Wu hypothesized that the Tibetan flora originated mostly from the paleotropical Tertiary flora in the Hengduan Mountains by adapting to the cold and arid environments associated with the strong uplift of the Qinghai-Tibet Plateau (QTP). Here, we combine the phylogeographic history of Sophora moorcroftiana with that of Sophora davidii to explore the speciation of S. moorcroftiana to test this hypothesis. We collected 151 individuals from 17 populations and sequenced 2 chloroplast fragments and the internal transcribed spacer of rDNA. Five chlorotypes and 9 ribotypes were detected but no significant phylogeographic structure was revealed. The integrated results of phylogeographic studies of these 2 species clearly support the progenitor-derivative relationship between them. We infer that the western peripheral population of S. davidii migrated westwards from the Hengduan Mountains to the middle reaches of the Yarlung Zangbo River and differentiated from its ancestor in the process of adaptation to increasingly cold and arid environments with the uplift of the QTP and finally evolved into S. moorcroftiana during the Late Pliocene. In addition, our findings shed light on the idea that natural selection, as imposed by climate differentiation (especially mean diurnal range and precipitation seasonality), directly drove this peripatric speciation event after geographic isolation. The speciation of S. moorcroftiana is a strong case supporting Wu's hypothesis about the origin of Tibet's flora.
The Qinghai-Tibet Plateau (QTP), with an area of 2.5 × 10 6 km 2 and an average elevation of 4500 m, is the largest, highest, and youngest plateau in the world (Zheng 1996; Li 1999) . The Tibetan flora is characterized as a young flora with high endemicity (Wu 1987) . Most species in this flora are thought to derive from the Tertiary paleotropical floral taxa in the Hengduan Mountains (HM) and to originate from the process of adaptation to increasingly cold and arid environments with the uplift of the QTP (Wu 1987) . This pattern of speciation, like Wu's hypothesis, is classified as allopatric speciation, which is generally subdivided into vicariant speciation and peripatric speciation (Coyne and Orr 2004) . In vicariant speciation, reproductive isolation (RI) evolves after the geographic area of one species splits into 2 or more isolated and reasonably large populations, whereas in peripatric speciation, RI evolves after either one isolated habitat is colonized by a few individuals, or one small population becomes geographically isolated from the ancestral population (Coyne and Orr 2004) . The only difference between them is that one population is very small in peripatric speciation. Although many speciation events may have occurred by these processes in the alpine areas of Tibet due to the uplift of the QTP, up to now, only few have been tested due to the difficulty of identifying specific progenitors (Friesen et al. 2000; Liu et al. 2000; Wang et al. 2001) .
Phylogeography deals with historical, phylogenetic components of the geographic distributions of genealogical lineages, especially those within and among closely related species (Avise 2000) . It obviously provides a key in uniting phylogeny (macroevolution) and speciation (microevolution) (Hewitt 2004) . Phylogeographical patterns of many species on the QTP have been examined (Yang et al. 2009; Qiu et al. 2011; Liu et al. 2012; Wen et al. 2014) , and these studies have facilitated the understanding of the evolutionary history of species. However, most of them only focus on a single species and usually pay close attention to phylogeographic structure, glacial refugia, and demographic history of the species, but do not account for the origin of species very well. In theory, multiple species, in particular closely related species or a monophyletic group, are necessary for studying speciation events (Avise 2000; Liu et al. 2012) . A few studies have shown that integrated phylogeography of sister species or relatively close species from the same genus may provide more information about speciation events (Song et al. 2003; Cun and Wang 2015; Li et al. 2015) .
In the middle reaches of the Yarlung Zangbo River (YZB), there is some new and young vegetation on sand, in which 10 species endemic to the QTP are found (Shen 1996) . These species have been assumed to be the descendants of taxa migrating from low elevation regions that have become adapted to arid habitats with the uplift of the Himalaya and the QTP (Shen 1996) . Sophora moorcroftiana (Benth.) Bentham ex Baker, a perennial leguminous shrub, is one of these 10 endemic species and limited to the valleys of the middle reaches of YZB. It is one of the most important ecological species of the young sand vegetation: it exhibits strong drought, cold, and sand-burial tolerance and plays an important role in wind protection and sand fixation in this region (Zhao and Liu 2001) . Another Sophora species on the QTP, S. davidii Skeels, is closely related to S. moorcroftiana (Wu 1983) and is widely distributed from the southeast of the QTP to central China. Although these 2 species share many traits, for example, diploid (2n = 18) (Wang et al. 1995) , insect-pollinated, gravity-dispersed propagules, and a series of morphological characters, there are remarkably different morphological features to distinguish them. Sophora moorcroftiana has large bluepurple flowers and hairy stems and leaflets while S. davidii generally has small white or creamy white flower and glabrous stems and leaflets . Thus, taxonomists have considered them as 2 independent species (Wu 1983; Wu et al. 2010) . The phylogeography of S. davidii (Fan et al. 2013 ) has been studied and climatic differences on the 2 sides of the "Tanaka-Kaiyong Line" are considered to play an important role in its lineage differentiation and dispersal. Sophora moorcroftiana has attracted much attention from researchers Zhao et al. 2007) and it is thought to derive from S. davidii (Shen 1996) , but this has not been tested so far.
In this study, we use the same gene fragments as a previous study of S. davidii did (Fan et al. 2013) to investigate the population structure and demographic history of S. moorcroftiana. In addition, we separately extract climatic variables of the distributions of these 2 species to compare their climate tolerances and to test the potentially important role of climatic factors. We aim to answer the following specific questions. 1) What is the speciation history of S. moorcroftiana? 2) Which factors drive the speciation of S. moorcroftiana?
Materials and Methods

Population Sampling
In total, 151 samples of S. moorcroftiana were collected from 17 populations throughout its entire geographical range, along the middle reaches of YZB (Table 1, Figure 1 ). Fresh leaves of 2-18 individuals, at least 20 m apart from each other, were obtained from each population and dried in silica gel until DNA extraction. We also collected samples from 5 populations of S. davidii in the Hengduan Mountains.
DNA Extraction, PCR Amplification, and Sequencing
Total genomic DNA was extracted using the modified CTAB method (Doyle 1987) . Two chloroplast primers (psbA-trnH and rpl32-trnL (UAG) ) and nuclear primers (ncpGS and ITS) were chosen and amplified following the study of Fan et al. (2013) . Two new primers specific to the ncpGS gene for S. moorcroftiana (forward, 5′-CGCTATCAAGTTGGTCCTAGTGTA-3′; reverse, 5′-ATTAGATAGGGGACAAGAGAGC-3′) were designed and used in this study. PCR products were purified using a TIANGEN Midi Purification Kit and sequenced using ABI 3730XL sequencer by Sangon Biotech (Shanghai, China). For psbA-trnH, rpl32-trnL (UAG) , and ITS, 151 individuals of S. moorcroftiana were sequenced. Sixtyfour individuals from 17 populations were sequenced for ncpGS. To obtain more information, 2 other chloroplast fragments (atpB-rbcL and atpI-atpH) were sequenced from 35 individuals of 4 Sophora species (12 of S. moorcroftiana, 19 of S. davidii, 3 of Sophora alopecuroides, and 1 of Sophora tomentosa), which represented all chlorotypes of S. moorcroftiana and important haplotypes of S. davidii according to the psbA-trnH and rpl32-trnL (UAG) sequences.
Date Analyses
DNA sequences were aligned by MEGA 6 (Tamura et al. 2013 ). All sequences were assigned to different haplotypes using DNASP v5.10 (Librado and Rozas 2009), of which PHASE was used to infer haplotypes for the nuclear genes. All newly obtained sequences have been deposited in GenBank (Supplementary Table S1 ). Concordance of the cpDNA sequences was evaluated with the partition-homogeneity test implemented by PAUP 4.0a129 (Swofford 2003) . The geographic distributions of chlorotypes and ribotypes were plotted on a relief map of China using ARCGIS 10.2 (ESRI, Inc.). Sequences of S. davidii and 3 outgroups (S. tonkinensis, S. flavescens, and S. tomentosa) were downloaded from GenBank (Fan et al. 2013) . Phylogenetic relationships of cpDNA, ITS, and ncpGS sequences were constructed by neighbor-joining (NJ) using MEGA 6 (Tamura et al. 2013) , Maximum parsimony (MP) using PAUP 4.0a129 (Swofford 2003) , maximum likelihood (ML) using RAxML-VI-HPC (Stamatakis 2006) , and Bayesian inference (BI) using Mrbayes 3.0 (Ronquist and Huelsenbeck 2003) . For the ML tree, rapid bootstrapping analyses were performed with the GTRGAMMA model. In the Bayesian analyses, several models were chosen (TrN+G: cpDNA and ncpGS, GTR+I: ITS) in Modeltest 3.7 (Posada and Crandall 2005) . The median-joining networks among detected haplotypes were constructed using the program NETWORK 4.613 (http://www.fluxus-engineering.com/sharenet. htm) with the MP criterion.
To measure the level of genetic variation and genetic differentiation, genetic diversity indices (h T and h S ) and genetic differentiation indices (G ST and N ST ) were calculated using the program HAPLONST (Pons and Petit 1996) . Spatial genetic structure was implemented by SAMOVA (Dupanloup et al. 2002) . The number of groups (K) was selected when the value of F CT reached a plateau.
To detect whether population expansion occurred in S. moorcroftiana, the pairwise mismatch distribution was analyzed by ARLEQUIN 3.1. The sum of squared differences (SSD) and the raggedness index (H Rag ) were used to assess the sudden expansion hypothesis. If it was not rejected, expansion time (t) was estimated according to the formula t = τ/2u (Rogers and Harpending 1992) . The value u was calculated from u = 2 µkg, where µ is the substitution rate, k is the average sequence length, and g is the generation time in years which was 5 years according to Fan et al. (2013) .
To estimate the divergence time of the 2 taxa, the program MCMCTree (Yang 2007 ) was used with the GTR and global clock model (P = 0.11) for 4 cpDNA fragments. Given the differences in the evolutionary rate of species and substitution rate of haplotypes, only one chlorotype of S. moorcroftiana and S. davidii was chosen to estimate the divergence time and calculate the substitution rate. In this study, one reliable fossil was used as the calibration point. Fossils of legume fruits, leaflets, (10) S39 (1) NS, not sequencing; S37-S39 were newly discovered for ITS fragment in populations of Sophora davidii. and leaf fragments have been found from the Palaeogene (Oligocene) in Mexico, which included the modern genera Sophora (Magallón-Puebla and Cevallos-Ferriz 1994). The fossil record of S. tomentosa first appears in the late Oligocene (30 million years ago; Ma) (Crepet et al. 1992; Hurr et al. 1999) , which was used to constrain the root time in our study. (Hijmans et al. 2001 ) to extract 19 bioclimatic variables from the WorldClim dataset with a grid size of 30″ for all plots (69 and 118, respectively). Location information was collected from the specimens, previous studies, and this study. The average values of each variable between the two species were compared by 2-tailed t-tests using the program IBM SPASS STATISTIC (Statistic 2011) . A principal component analysis (PCA) was done to show the relationship between the environmental factors and species using the program CANOCO 5 (Šmilauer and Lepš 2014) . The first 2 principal axes (PC1 and PC2) accounted for the vast majority of the total variance.
Results
Sequence Variation and Haplotype Distribution
We obtained 683 bp of cpDNA sequences from 151 individuals of 17 populations of S. moorcroftiana, consisting of 418 bp of rpl32-trnL and 265 bp of psbA-trnH. The partition-homogeneity test (P > 0.05) indicated that the cpDNA sequences could be combined in analysis. Five chlorotypes (B1-B5) were identified by 9 polymorphic sites (1 indel, 7 substitutions, and 1 inversion of 6 bp), and the haplotype diversity (H d ) was 0.2735 for all populations. Of the 17 populations, 10 (58.8%) were monomorphic, and P5 had most chlorotypes (B1, B2, B5) (Figure 1 ). One chlorotype (B1) was found in all populations except P14 and P17 (88%), while two chlorotypes, B3 and B4, were only found in populations P9 and P14, respectively (Figure 1 ). For the ITS, 9 ribotypes (R1-R9) were identified by 7 substitutions from the alignment sequences of 656 bp, of which H d was 0.316. The pattern of distribution of the ribotypes was similar to that of the chlorotypes. One ribotype (R1) was common in all populations except P16, while 2 ribotypes (R5, R8) were each restricted to a single population (P15 and P16, respectively). P16 had 4 different ribotypes (Figure 1 ). For the ncpGS gene, only 6% of individuals were homozygous. Twenty heterozygous sites were found in other individuals, which comprised 22 nuclear haplotypes following the haplotype subtraction method and manual checking. Haplotype diversity was high (H d = 0.841). We did not choose ncpGS to reconstruct the population history owing to the difficulty of identifying haplotypes.
Phylogenetic Relationships
The phylogenetic relationship of chlorotypes of S. moorcroftiana, S. davidii, and outgroups based on rpl32-trnL + psbA-trnH is shown in Figure 3a . The chlorotypes (B1-B5) of S. moorcroftiana and those of S. davidii form a strongly supported monophyly, and the former consists of a highly supported monophyletic branch. However, the above relationship is inconsistent with the topologies based on the nuclear genes (ncpGS and ITS). In the nuclear gene trees, the haplotypes of S. davidii and those of S. moorcroftiana form a highly supported monophyletic clade as a sister to each other (Figure 3b, c) . In addition, based on the combined sequences of the 4 chloroplast regions (2064 bp), phylogenetic relationships of 16 chlorotypes of S. moorcroftiana and S. davidii, including all the main chlorotypes of these 2 species, were constructed, and the tree ( Figure 5 ) is similar to Figure 3a . The results of network analysis are shown in Figure 4 . An inconsistency is found between the network of chlorotypes (Figure 4a ) and those of nDNA (Figure 4b, c) .
Population Diversity and Structure
Both total genetic diversity (h T = 0.352, 0.267 for cpDNA and ITS, respectively) and within-population diversity (h S = 0.165, 0.204 for cpDNA and ITS, respectively) are low, with 46.9% and 76.4% of the variation partitioned within populations separately for cpDNA and ITS ( Table 2) . The U-test shows that N ST is not significantly larger than G ST (U = 0.12, P > 0.05 for cpDNA; U = 0.58, P > 0.05 for ITS), indicating no significant phylogeographic structure across the species' range. Likewise, spatial genetic analysis of chlorotypes and ribotypes using SAMOVA also show that the F CT value does not reach a plateau, suggesting no groups could be defined.
Divergence Time Estimation and Population Demographic Analyses
The average substitution rate of four chloroplast fragments in this study was estimated by the BaseML program as 8.85 × 10 −10 substitutions per site per year (s s −1 yr −1 ), from which the divergence dates ( Figure 5 ) and the expansion times were estimated. The first divergence (C2, C24, C23) from the complex of S. moorcroftiana and S. davidii is dated to 4.47 Ma (95% HPD: 3.99-4.99 Ma). The divergence between S. moorcroftiana and other chlorotypes of S. davidii occurred at c. 3.8 Ma (95% HPD: 2.63-4.74 Ma). These 2 split events occurred in the Pliocene, while the differentiation of the 5 chlorotypes of S. moorcroftiana happened in the Pleistocene (1.68 Ma, 95% HPD: 0.62-3.08 Ma).
Under the population expansion model, both cpDNA and ITS datasets of S. moorcroftiana show a strongly unimodal mismatch distribution (Figure 2a, b) , suggesting the occurrence of population expansion. Meanwhile, nonsignificant SSD (P = 0.25 for cpDNA, P = 0.45 for ITS) and H Rag (P = 0.54 for cpDNA, P = 0.59 for ITS) values also indicate a historical demographic expansion of this species. Based on the corresponding τ value (τ = 3), the generation time 
Climatic Differentiation
All 19 of the bioclimatic variables show significant differences in mean values between S. moorcroftiana and S. davidii (Supplementary Appendix S1). Two major components were selected by PCA and the cumulative explained variation is 87.7%. The PCA result intuitively shows that the 2 taxa occur in different climate envelopes with S. davidii occupying a wider envelope than S. moorcroftiana, whose distribution is mainly positively associated to mean diurnal temperature (bio2) and precipitation seasonality (bio15).
Discussion
Phylogeography and Origin of S. moorcroftiana
In this study, the nuclear gene trees strongly support S. moorcroftiana and S. davidii as 2 independent monophyletic lineages and as sister groups to each other (Figure 3b, c) . The sister relationship between them has been proved in the previous study (Supplementary Material, Fan et al. 2013) . However, the gene tree constructed by cpDNA sequences shows that the clade of S. moorcroftiana is clustered within S. davidii (Figures 3a and 5) . Some studies have demonstrated that, for species delimitation, nuclear genes are better than cpDNA due to high intraspecific gene flow and accelerated lineage sorting (Petit and Excoffier 2009; Zhou et al. 2010; Cun and Wang 2015) . Indeed, in the present study, the rate of gene flow based on ITS sequences (Nm = 0.31) is nearly twice that of chloroplast intraspecific gene flow (Nm = 0.17). These results show that the ITS data are more effective at delimiting species and S. moorcroftiana and S. davidii are 2 independent species. This conclusion is supported by 2 facts: these 2 species occupy different ranges without overlap (Figure 1 ) and have distinct taxonomic traits. Furthermore, some studies have pointed out that chloroplast genes are more suitable than nuclear genes for showing phylogeographic division because of a less effective population size (N e ) and the mode of uniparental inheritance (Avise 2000; Petit et al. 2005) . In this study, the chloroplast phylogenetic tree shows that S. moorcroftiana is a branch of S. davidii, which means that the former is derived from the latter. This result is supported by the network analysis. Phylogenetic analyses of populations from the entire range can provide important insights into the origins and migrations of taxa, especially for relatively recent historical time (Abbott et al. 2000; Qiu et al. 2011) . In Figure 4a , all the chlorotypes of S. moorcroftiana (B1-B5) are derived from C2 of S. davidii. C2 is a specific chlorotype and has the following properties: 1) it is located in the center of the chlorotype network of S. davidii (Fan et al. 2013) ; 2) of all chlorotypes of S. davidii, it is in the westernmost part of its range (Fan et al. 2013) ; and 3) it belongs to a basal lineage ( Figure 5 ). In addition, S. moorcroftiana shows significantly less genetic diversity (h T = 0.267) than that of S. davidii (h T = 0.857) (Fan et al. 2013 ). The differences in the geographic distribution, genetic diversity, and climate between S. moorcroftiana and S. davidii as well as molecular phylogenies strongly suggest that S. moorcroftiana originated from one small western peripheral isolate of a davidii-like ancestor. Such a scenario would be called peripatric speciation in theory. Such speciation events have been reported not only in animals (Carson 1983; Coyne and Orr 1989; Jones 2005 ) but also in plants ( Lewis and Roberts 1956; Carlquist 1965; Lewis 1973) .
Pliocene Speciation and Unusual Demography History of S. moorcroftiana
Four cpDNA fragments were chosen to estimate the divergence time, and the strict clock model test was not rejected (P = 0.11), allowing for an estimation of the substitution rate along all branches of the phylogeny. The estimated value of cpDNA substitution rate is 8.85 × 10 −10 s s −1 yr −1 according to the fossil calibration of S. tomentosa (Crepet et al. 1992) . The estimated rate is close to the general chloroplast rate of 10 × 10 −10 s s −1 yr −1 for higher plants (Zurawski et al. 1984; Wolfe et al. 1987) . Furthermore, Lavin et al. (2005) analyzed the evolutionary rates of Leguminosae based on matK and rbcL genes with a reasonable number of macrofossils, and estimate substitution rates of 2.1-24.6 × 10 −10 and 1.60-8.6 × 10 −10 s s −1 yr −1 , respectively. Our estimated rate is similar to these results, suggesting it is reliable for calculating the divergence time among the different lineages of Sophora. According to our estimated substitution rate, the divergence of S. davidii occurred in the Pliocene, around 4.47 (3.99-4.99) Ma, when the first split of chlorotypes of S. davidii is noted. The divergence between S. moorcroftiana and other chlorotypes of S. davidii occurred between 4.74 and 2.4 Ma. During this period, the Himalaya was rapidly uplifted (Ding et al. 1995; Li and Fang 1999; Guo et al. 2002) . When the Himalaya reached a critical height, moisture from the Indian Monsoon to the middle reaches of the YZB decreased dramatically due to its blocking effect (Bolch et al. 2012 ). This blocking effect, together with the continued strengthening of the East Asian winter monsoon, resulted in Figure 2 . Mismatch distribution analysis for the cpDNA (a) and ITS (b) sequences under the sudden demographic population expansion model (Rogers and Harpending 1992) . The horizontal axis shows number of pairwise differences, whereas the vertical axis represents frequency. The dashed line and solid line are the observed distribution and simulated distribution of pairwise differences, respectively. drought and a cold climate in the upper and middle reaches of YZB. Based on the records of fossils and sediments in Gyirong Basin, 1.7 Ma was the important turning period for environments in this basin , when phase C of the Qingzang movement occurred (Li 1999) . The differentiation time among existing chlorotypes of S. moorcroftiana (~1.68 Ma) coincided with this period. The concordance of these 2 times strongly suggests S. moorcroftiana originated by adaptation to drought and cold habitats following the uplift of QTP.
For the S. moorcroftiana populations, only one chlorotype (B1) is fixed in most of the populations in its distribution, and history from ~3.8 to 1.68 Ma is erased ( Figure 5 ). Both these facts suggest that S. moorcroftiana might have undergone serious bottleneck(s) and genetic drift, which might have been caused by the uplift of the QTP. In addition, a prominent sudden population expansion was detected by the cpDNA mismatch distribution analysis. Based on the value of µ estimated in this study, the demographical expansion time for cpDNA happened ~0.25 Ma ago. This period was the third of Figure 3b represents 35 ribotypes. All haplotype sequences of S. davidii and outgroups were downloaded from GenBank (Fan et al. 2013) . Numbers on the branches indicate the bootstrap values or posterior probability values for NJ/ML/MP/Bayesian methods. 
Factors Driving Peripatric Speciation of S. moorcroftiana on the QTP
Speciation has attracted widespread attention since the publication of "On the Origin of Species" by Darwin. The modes of speciation can be classified as allopatric, sympatric, and parapatric speciation depending on the geographic context. Among them, allopatric speciation is considered as the most common speciation mode (Mayr 1942; Coyne and Orr 2004) , and geographic isolation is a major precursor of it (Sobel et al. 2010) . The presence of strong geographic isolating barriers acting as a driving force of speciation has been reported for other plants in this region Cun and Wang 2010; . In the present study, geographic isolation is also recognized as an important driver for the speciation of S. moorcroftiana. Furthermore, the spatial isolation, lineage divergence, and morphological differentiation of S. moorcroftiana and S. davidii clearly show the occurrence of peripatric speciation. As we know, this species is restricted to the valleys of the middle reaches of YZB (Figure 1 ), while its ancestral species, S. davidii, is continuously distributed across a larger region (about 96-117° East) (Fan et al. 2013) . Between the geographical boundaries of these 2 species, there are over 500 km of isolating barriers, including high mountains over 5000 m elevation and large rivers. Given that gene flow in the 2 species occurs via insect-pollination and/or gravity-dispersed seeds, such geographic distances are enough to impede interspecific gene exchange and drive intraspecific differentiation and further speciation.
As well as the effect of geographic isolation, our results suggest that natural selection posed by different climatic conditions may also have played an important and direct role in the divergence of the 2 species. Geographic isolation alone can lead to complete reproductive isolation, but cannot form a new species in such a short time (3-4 Ma) for woody plants unless natural selection speeds up the speciation process (Nei et al. 1983; Coyne and Orr 2004) . As a species endemic to sand vegetation, S. moorcroftiana grows in (semi-)arid river valleys with a dry and cold climate at an average elevation of about 3700 m (range 3000-4500 m), while S. davidii is mainly found in relatively humid habitats at a lower average elevation, c. 1863 m (200-3400). Moreover, all of the 19 climate variables showed significant differences between the 2 species (Supplementary Appendix S1), of which mean diurnal range (bio2) and precipitation seasonality (bio15) are significantly positively related to the climatic envelope of S. moorcroftiana. In the middle reaches of YZB where S. moorcroftiana is found, annual mean evaporation is 6-7 times greater than the annual precipitation, of which 90-95% falls between June and September ). Annual precipitation is 300-550 mm and the annual average relative humidity is 35-40% . In contrast, the widespread distribution of S. davidii is influenced by both the Indian monsoon and the East Asian monsoon resulting in relatively moist air across its range (annual precipitation: 482-1365 mm) (Wang 1994; Kou et al. 2006; Yao et al. 2012) . In comparison to S. davidii, many morphologic characters of S. moorcroftiana, such as large blue flowers, hairy stems and leaves, and relatively small height may be the product of adaptation to the above climate conditions in the middle reaches of YZB.
Origin of the Tibetan Flora
The origin of the Tibetan flora has attracted the attention of botanists for many years (Wu 1987; Wu et al. 1995; Sun 2002; Favre et al. 2015) . It has close connections with many other floras, including the Eurasia flora, the Tethyan Tertiary flora, and the Arcto-Tertiary flora. (Wen et al. 2014) . On the one hand, it is claimed to have complicated and diverse origins, but on the other hand, some species left the QTP to become members of the Northern Hemisphere temperate flora Jia et al. 2012) . Wu (1987) hypothesized that most species of the Tibetan flora evolved from the palaeotropical flora of the Tertiary in the Hengduan Mountains and were formed in the cold, arid environments caused by the uplift of the QTP. The speciation of S. moorcroftiana makes a strong case in support of Wu's hypothesis on the origin of the Tibetan flora. However, to determine how many species of this flora originated in the same way needs many more studies.
Conclusions
The results of combining phylogeography with phylogenetic analyses of S. moorcroftiana and S. davidii based on cpDNA and nuclear genes and morphological characters clearly indicate that S. moorcroftiana is derived from a small western peripheral isolate of a davidii-like ancestor in the Hengduan Mountains, locally adapted to a cold and dry habitat, that formed an independent species in the Late Pliocene. These results support Wu's hypothesis about the origin of the Tibetan flora. It is clear that both geographic barriers and natural selection posed by climatic differentiation played an important role in the peripatric speciation of S. moorcroftiana, and selection was the direct influencing factor. 
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